ABSTRACT There are many types of collision warning systems to increase the safety of motorcyclists. These systems use different types of collision detection techniques with each one having some limitations, restricting the performance of the system. To find the effectiveness of collision warning system notifications, it is important to study the physiological response of drivers toward these systems. Existing studies are limited to the physiological response of car drivers and use only buzzer warnings for these systems. Unfortunately, no such work in that particular domain has been reported for motorcyclists. Since motorcycles have different maneuverability as compared with cars and other vehicles, it is important to investigate the response of motorcyclists toward these collision warning systems. Also, it is believed that providing verbal information about any potential hazard will further assist the motorcyclist to avoid it. The aim of this paper is to investigate the physiological responses of motorcyclists to the rear end collision warning system when auditory verbal warnings are utilized. To study the response of the motorcyclists, the N100, N200, P300, and N400 eventrelated potential components have been extracted from the recorded Electroencephalography data. It has been found that the rear end collision warning system with auditory verbal warnings significantly increases the alertness of the motorcyclist and can be helpful to avoid the possible rear-end collision scenarios. This system has shown positive effects at neural levels on motorcyclists and reduces their reaction time and attentional resources required for processing the target correctly.
I. INTRODUCTION
According to World Health Organization, nearly 25% of road fatalities are due to motorcyclists [1] . In particular, motorcyclists accounted for 9% of road fatalities in Europe, 20% in America, and 34% in both western Pacific and Southeast Asia countries [1] . However, Motorcycle fatalities are more of a major concern in many Asian countries [2] , [3] . In many other countries around the world, the situation is not as bad but still needs to be addressed [4] , [5] .
Various techniques have been proposed to increase the safety of motorcyclists [6] - [17] . Among these, collision detection/warning systems are found more suitable to avoid the frontal and rear end accidents [11] - [17] . These systems first detect the approaching vehicles. If there are chances of a collision, these systems give early warning to the motorcyclist to avoid it. The warnings in these systems can be visual, auditory, tactical, etc. [18] - [20] . The audio warnings can be further divided into buzzer and auditory verbal warnings. Auditory verbal warnings convey information about a situation or a potential hazard; for example, its type and distance from the source, etc. [21] .
Each collision warning system uses a distinctive vehicle detection technique [11] - [17] . These vehicle detection techniques have some limitations (i.e., they are not 100% accurate, missing vehicles, false detection of vehicles and less frame rate, etc.); therefore, these collision warning systems can perform up to certain extent. Therefore, it is important to find the effectiveness of these systems by computing the responses of drivers against these systems.
Significant studies in the related work for car and other four-wheeler vehicle drivers have been reviewed by reference [20] . These studies can be mainly divided into two categories: (1) behavioral studies, and (2) an electroencephalography (EEG) based response study of drivers [20] . The studies, which integrated pre-crash scenarios using simulatorsŕutilized for the safety of drivers, found that collision warning systems increased the alertness of the drivers.
In behavioral research, different parameters which include drivers' reaction time, brake time and time to the collision, etc., are used to determine the alertness of vehicle drivers [22] - [28] . Tactile warnings have been found to be more suitable as compared to any other types of warnings [20] , [28] . Also, auditory warnings were found more convenient compared to the visual warnings as the former have the advantage of being ''gaze-free'' [20] . Furthermore, the auditory-verbal warnings are considered less annoying to critical driving situations [29] since the driver can swiftly learn these warnings. Also, these warnings can convey spatial information about the potential hazard, thus reducing the perception and response time to the danger [19] .
Many researchers investigated EEG based responses of drivers for the lane departure warning system [30] - [32] . In these studies, when the auditory warnings were given to the drivers, their alpha/theta signals power decreased and they responded rapidly to avoid potential collisions. These warnings were also found suitable to minimize drowsiness effects and increase drivers' alertness [33] , [34] ; the drivers were given auditory warnings when they felt drowsy. The drowsiness was detected by measuring the variations in EEG power spectrum.
It has also been reported that an event-related potential (ERP) can be used to investigate drivers' responses towards collision warning systems [35] - [38] . An ERP is the measurement of a brain response; it is a direct result of a specific sensory, cognitive, or motor event. There are different components of ERP such as contingent negative variation (CNV), P300 (or P3), N100 (or N1), and N200 (or N2) that can be used to study the drivers' response. Reliance on ERP patterns normally produces reliable results as ERPs are directly generated by specific sensory, cognitive, or motor events. As such, variations in latencies and/or amplitudes of ERP components can be expected when drivers react to different types of warning messages.
In [35] , every participant using a car simulation scenario was asked to follow a lead motorcycle. The experiments consisted of three different warning scenarios: (1) No warningŕno early warnings were produced; (2) Imperfect systemŕearly warnings being 70% reliable; (3) Perfect systemŕall warnings being 100% accurate were presented to the subject. The subject was pre-informed about each scenario that he/she would encounter. Whenever applicable, an auditory buzzer warning was given to forewarn the participant (''car driver'') that the lead motorcycle was going to brake soon. A prior instruction was given to the participant to remove his/her foot from the acceleration pedal for all scenarios, as soon as he/she saw the red (brake) light of the lead motorcycle. The CNV was computed from 1,000 milliseconds before the target onset (i.e., occurrence of brake light); while, other ERP components were computed from 100 to 600 milliseconds after the target onset. The research concluded that the participants were faster in detecting the brake light when there were perfect or imperfect warning conditions being presented. To the drivers' advantage, intentional cognitive levels were reduced for the perfect warning conditions. A significant difference was observed at the neural level within the N200 component latency range in the presence of the collision warning system. Likewise, Bueno et al. [36] followed the same driving protocols as given in their previous study [35] . However, the participants were instructed to perform some tasks while driving. According to the authors, the latency of the P300 and the reaction time were reduced in the presence of the warning system compared to the non-warning system.
To study the EEG response of participants, Fort et al. [37] presented a stimulus on a computer screen in the form of a rotating disk. Each participant was instructed to remove his/her foot from the acceleration pedal as fast as possible in response to the bright red disc which constituted the visual target. Similar to the study in [35] , three warning conditions were presented to the participants. The experiment was divided into two sessions: in the first session only a visual task was presented; whereas in another session, the participant had to perform a secondary cognitive task. In this research, a clear amplitude reduction of the N100 component was observed when the participants were engaged in the cognitive tasks. However, no difference was observed at the level of the sensory N100 component in distracted subjects. The latency of the N200 and P300 decreased. Also, the amplitude of the P300 particularly diminished in dual-task situations.
Khaliliardali et al. [38] used visual warnings to alert subjects. A countdown appears at the center of the simulator screen from four to one, followed by a ''Go'' cue. Each subject was instructed to press a gas pedal as fast as he/she saw the ''Go'' cue and drive the vehicle at 100 km/h speed. After 15 seconds, new countdown appeared followed by the ''Stop'' cue. The subjects were instructed to immediately press the brake once they saw the ''Stop'' sign. In this research, increases in CNV potentials towards the negative side were found for the ''Go/Stop'' cues. Thus, these visual warnings have been found useful to warn against potential danger.
From the surveyed literature above, some limitations are found in these EEG/ERP based drivers' response studies. Most of the response studies surveyed above have been performed for cars and other vehicle drivers, excluding motorcycles. Motorcycles have different maneuverability as compared to cars and other vehicles [39] , [40] . Also, motorcyclists are more exposed to the external environment and are more likely to get distracted as compared to the drivers of cars and other vehicles. They require high levels of coordination and balance to control their motorcycles, particularly for scenarios when they are trying to avoid possible rear-end collisions [39] , [40] . As such, the responses of motorcyclists may differ from car and other vehicle drivers. Additionally, these EEG/ERP studies used auditory buzzer warnings for the collision warning systems. The physiological responses of drivers may differ when auditory verbal warnings are presented to them. Moreover, the stated studies focus only on the frontal collision warning systems.
In our case, we aim to investigate the physiological responses (using N100, N200, P300 and N400) of motorcyclists for the rear collision warning system, when auditory verbal warnings are given to the motorcyclists. Besides the N100, N200 and P300 components, the N400 also needs to be investigated. The N400 peak occurs at 400 to 500 milliseconds post-stimulus and is part of the normal brain responses to verbal words and other meaningful stimuli [41] , [42] .
II. MATERIALS AND METHODS
The study of the motorcyclists' responses comprised various stages namely participant selection, equipment used for data collection, data collections and data analysis; the details are explained in the following subsections.
A. PARTICIPANTS
A total number of 29 subjects (15 male and 14 females) from 21 to 42 years old (mean 29.65 years) were selected for this research, by using a life appraisal questionnaire, which required participants to have no medical contraindications such as severe concomitant disease, alcoholism, drug abuse, and psychological or intellectual problems more likely to limit compliance [30] - [37] , [43] - [45] . A written consent form was obtained from each subject and all of them were financially compensated. The research protocol was approved by the Ethical Committee of Electrical and Electronic Engineering Department, Universiti Teknologi PETRONAS (UTP), Malaysia.
Also, all of the subjects had valid motorcycle driving licenses, with the minimum three years of motorcycle driving experience. None of the subjects had any prior experience with the rear end collision warning system. However, they had some experience with the navigation system, which is one type of a driver assistant system. The experiment protocol and equipment used in this study were safe, non-invasive and were deemed not to produce any side effects to the participants due to the experiment. Their participation in this research was entirely voluntary. Also, there was no drug or any other consumable used throughout the experiment. The participants performed the experiment in their normal conditions. Each participant was also given an option that he/she could stop at any time he/she wanted. However, none of the participants quit the experiment.
B. APPARATUS FOR EEG DATA RECORDING
The experiment was performed by using the motorcycle simulator located at the Centre for Intelligent Signal and Imaging Research (CISIR), UTP, Malaysia. Solely, a motorcycle simulator, as shown in Figure 1 below, was used due to the safety of the ''motorcyclists'', as the experiment contained some pre-crash scenarios. The simulator consists of a 110cc Honda EX5 motorcycle structure, an LCD display (126 cm diagonal screen size placed at the distance of 1.5 meters from the motorcycle structure) and a 3.9 GHz Intel Core i3 processor based computer. An EEG cap (Enobio-20) was used to record EEG signals. The Enobio-20 is a wearable, wireless electro-physiology sensor system for the recording of EEG; therefore, it did not hinder the participant normal driving abilities, as illustrated in Figure 2 below. 
C. STIMULI AND PROCEDURE
Beforehand, the participants were instructed not to take any coffee or tea four hours prior to the experiment. The participants were briefly informed about the experimental procedure. All participants were given 10 to 15 minutes to become familiar with the motorcycle simulator, which they had to drive in the experiment. After that, the EEG electrodes were installed and the experiment began. The participants were encouraged to keep their muscles and eye movements minimum throughout the tasks. They could take breaks between blocks of experiments to minimize tiredness and eye move- ments. They were instructed to keep the maximum speed of 90 km per hour. No foggy condition has been selected from the option to reduce the saccadic movements.
In the driving scenarios, different types of vehicles approached (i.e., target onset) the motorcycle from the rear end randomly after 6 to 12 seconds (mean 10 seconds). The participants were instructed to increase the speed up to 90 km/h or change the lane to avoid the potential accidents from the rear end. An auditory warning would forewarn the motorcyclists that they have possible rear-end collision chances. The warning was presented randomly ranging from 1,500 to 2,400 milliseconds (i.e., mean 2,000 milliseconds) before simulating a rear end collision scenario (i.e., target onset).
Two types of auditory warnings namely buzzer and verbal sounds were presented to the motorcyclist about the potential hazard. The buzzer sound warning was 500 milliseconds long and consisted of five pulses; at 2,000 Hz frequency for 80 milliseconds for each one, and with a shorter pause of 20 milliseconds between them. The verbal warning was 1,200 milliseconds long and consisted of two auditory words: the first word was ''Alert'' and the other word consisted of the approaching vehicle type; for example, ''Car''. Generally, the first word was common in all instructions and it was used to get the attention of the motorcyclist. Particularly, the second word was different for each warning; it was based on the approaching vehicle type (i.e., ''Car'', ''Motorcycle'', ''Truck'', etc.). In this research, the motorcyclist was given any of the five warnings about the potential hazard of the approaching vehicles from the rear end as given in Table 1 below.
Four warning conditions specifically no sound system (NSS), an imperfect buzzer system (IBS), an imperfect verbal system (IVS) and a perfect verbal system (PVS), were presented to the motorcyclists in separate blocks. The experimental design for all the four warning conditions is given in the Figure 3 below.
For NSS and PVS, 120 trials were presented in each warning condition. The total trials were further divided into four blocks of 30 trials and each block lasted around 6 minutes. For IBS and IVS, a total of 170 trials were presented in each warning condition. In this case, the trials were divided into five blocks of 34 trials and each block lasted for 6.8 minutes.
The experiment was conducted in one session that lasted approximately two and half hours.
In the NSS condition, no warnings whatsoever were given before any vehicle appeared at the rear end of the motorcycle. In the IBS condition, 70% of the trials provided accurate information about the potential hazards. In another 15% of the trials, the buzzer sound warning was given, while there was no vehicle at the rear end of the motorcycle. In the remaining 15% of the trials, there was a vehicle approaching from the rear end; however, no warnings were given to the motorcyclist.
Also, in the IVS condition, 70% of the trials provided accurate information about the potential hazards. In another 10% of the trials, wrong vehicle information about the potential hazard was given; e.g., the approaching vehicle was ''Car'', but the warning was given as ''Alert Motorcycle''. In another 10% of the trials, there was no approaching vehicle at all; however, the motorcyclist was still given a warning about the potential hazard. In the remaining 10% of the trials, no warning was given to the motorcyclists even though there was a vehicle approaching from the rear end.
In the PVS condition which produced 100% reliable warnings, the motorcyclist was always given a prior auditory verbal warning about the potential hazard approaching from the rear end.
D. DATA ACQUISITION
Twenty EEG electrodes (Fp1, Fp2, F7, F3, Fz, F4, F8 , T7, C1, Cz, C2, T8, P7, P3, Pz, P4, P8, O1, Oz, O2) were used to record the participants' EEG signals. The EEG electrode Oz was connected to the EXT electrode line for the EEG data recording. The EEG electrodes were placed according to the 10-20 International System as shown in Figure 4 below. The reference electrode was placed near the right earlobe. EEG data were acquired by using Enobio-20, 24-bit ADC per channel and sampled at 500 Hz. The NIC v1.4 software was used to record the data. Also, during the EEG data recording, a noise filter of 50 Hz was applied to minimize any noise effect. The markers for ERP analysis were added by using Matlab 2015a.
E. DATA ANALYSIS EEGLAB v13.5.4b [46] and ERPLAB v6.1.4 [47] were used for the offline analysis of the EEG data. ERP epochs being the baseline to the pre-stimulus activity were created with the duration of 700 ms (starting 100 ms before the target stimulus onset and ending 600 ms after the target stimulus onset) as shown in Figure 5 below. Epochs were rejected if participants made no responses to the target or if the amplitude exceeded ±200µV within a 500 ms moving window at any scalp site, as reflecting large artifacts are linked to the muscle activity or skin potentials [48] . Figure 6 below shows some highlighted epochs containing artifacts that were rejected from the data. Afterwards, averaged ERPs were computed for each subject and experimental condition, and then group averages were computed for each experimental condition. The latency and amplitude of the ERP component N100 have been computed within the duration of 130 to 230 milliseconds from the EEG electrodes of P7, P8, O1, O2, and Oz. Similarly, the N200 has been extracted from the EEG electrodes of Cz, C1, and C2 within 150 to 260 milliseconds. The P300 was extracted from the EEG electrodes of P3, Pz, and P4 within 250 to 400 millisecond range. Finally, the N400 was extracted from the EEG electrodes of Fz, F3, and F4 within the 400 to 500 millisecond spans.
These electrode sites were chosen based on the spatial distribution of each component on the scalp and were consistent with the locations observed in the literature [35] - [37] . The amplitude and latency of the N100, N200, and P300 were also analyzed by using a one-way ANOVA for repeated measures with ''warning conditions'' (4×) considered as WithinSubject Factors.
III. RESULTS AND DISCUSSION
The analysis of the ERP components N100, N200, P300, and N400 to investigate motorcyclist responses towards the collision warning system are given in the subsections below. Figure 7 below shows the box diagram of the N100, N200, P300 and N400 (i.e., their latencies and amplitudes) for four warning conditions. It highlights the distribution of latencies and amplitudes of the four warning conditions for the subject group. Correspondingly, Figure 8 below illustrates the topography of the ERP components for the four warning conditions.
A. LATENCY AND AMPLITUDE ANALYSIS FOR ERP COMPONENTS
From Figure 8 , the N100 corresponds to the bilateral negativity above the occipital lobes. Similarly, the N200 corresponds to the negativity focused under the electrode of C2. The P300 shows a strong positivity above the central posterior VOLUME 6, 2018 FIGURE 7. Average ERP components for subjects involving a) N100 Latency; b) N200 Latency; c) P300 Latency; d) N400 Latency; e) N100 Amplitude; f) N200 Amplitude; g) P300 Amplitude, and h) N400 Amplitude. midline. The N400 component shows the negativity focused in the frontal region under the electrode of Fz. Figure 9 below shows the average N100, N200, P300 and N400 components extracted from the EEG electrodes of P8, C2, Pz, and Fz, respectively, for all subjects.
From Figure 9 , we can see that there are variations in the mean latency and amplitude of the ERP signals obtained from P8, Cz, Pz and Fz electrodes for different warning conditions. A decrease in the mean amplitude and an early shift of the mean latency has been observed for different auditory warning conditions (i.e., IBS, IVS and PVS) compared to the no warning system.
The mean values of ERP components involving their latencies and amplitudes for the existing state of the art methods and the proposed technique are given in Table 2 below.
In the existing state of the art methods [35] - [37] , the buzzer warnings were used to alert the car drivers about the frontal vehicle which was going to brake soon. Therefore, they did not analyze the N400 components. In these methods, 100% reliable information was provided for the perfect system. For the imperfect system, 70% reliable information was provided similar to the IBS warning condition of the proposed method. For the no system, the information about the frontal vehicle brake was not provided to the car driver. In the proposed and existing techniques, the mean latencies are shifted early and the amplitudes are decreased for the perfect systems as compared to the ''No System/No Sound System''; except for the latency of P300 which increased in the Fort et al., [37] study. This early shift of latencies and the decrement in the amplitudes of the ERP components for different warning conditions (i.e., IBS, IVS and PVS) reflect that the participants need less attentional resources as VOLUME 6, 2018 compared to the NSS to perform the driving task. Furthermore, the amplitude of N100 and P300 increased for the Imperfect Buzzer System compared to the ''No System'' for the Bueno et al. [36] study. Also, an increase in the P300 amplitude has been reported for the M. Bueno et al., [35] study. For our proposed method, the mean latencies exhibit much earlier shifts and the amplitudes show more decrement patterns for different warning conditions as compared to the existing schemes.
B. ONE WAY REPEATED MEASURES ANOVA RESULTS
The amplitudes and latencies of the ERP components were analyzed by using a one-way ANOVA for repeated measures with the warning conditions treated as Within-Subject Factors by using the SPSS software. At first the normality of the EEG data was analyzed by using the Shapiro-Wilk test (as it is more suitable for sample sizes < 50 samples). The results are given in Table 3 below. In Table 3 , the significant values of all ERP components, for all conditions, are greater than 0.05 and it shows that the ERP data are normally distributed. A repeated measures ANOVA for the four warning conditions with GreenhouseGeisser correction determined that the mean amplitude of ERP differ statistically significantly between different warning conditions: F (7.28, 196 .66) = 8.26, P<0.000000005, partial η2 = 0.23.
Further, analyses show that there is a statistically significant difference between the four warning conditions for the latencies of the following peaks:
• N100: F (3, 25) = 23.37, P = 0.0000002, Wilks' = 0.26, partial η2 = 0. 0.74;
• N200: F (3, 25) = 4.31, P = 0.014, Wilks' = 0.66, partial η2 = 0.34;
• P300: F (3, 25) = 14.83, P = 0.00001, Wilks' = 0.36, partial η2 = 0.64; and
• N400: F (3, 25) = 9.11, P = 0.0003, Wilks' = 0.48, partial η2 = 0.52.
Also, significant differences have been found in the amplitudes of the following peaks:
• N100: F (3, 25) = 6.72, P = 0.002, Wilks' = 0.55, partial η2 = 0.45;
• N200: F (3, 25) = 11.66, P = 0.00006, Wilks' = 0.42, partial η2 = 0.58;
• P300: F (3, 25) = 9.11, P = 0.0003, Wilks' = 0.48, partial η2 = 0.52; and
• N400: F (3, 25) = 6.49, P = 0.002, Wilks' = 0.56, partial η2 = 0.44 for all the warning conditions.
The results of ANOVA with latencies (ms) and amplitudes (µV) of the N100, N200, P300 and N400 components with the four warning conditions as factors are given in Table 4 and Table 5 below, respectively. TABLE 4. Latencies (ms) of N100, N200, P300 and N400 components with four warning conditions as factors.
From Table 4 and Table 5 , statistically significant variations in latencies and amplitudes of different ERP components have been observed for the NSS condition compared to the other three auditory warning conditions. For example, in the NSS and IBS condition comparison, statistically significant reductions in the latencies of the N100 and P300, and in the amplitudes of the N100 have been observed. Also, the latencies of the N200 and the P300, and amplitudes of the N200 decrease for the above warning condition comparisons; however, these differences were not so much significant. Furthermore, the latencies of N100, P300, and N400, and amplitudes of the N100, N200, and N400 ERP components significantly decrease for the IVS condition compared to those of the NSS condition. Moreover, the latencies and amplitudes of all the ERP components statistically significantly decrease for the PVS condition compared to those of the NSS condition.
Based on the statistical analysis from Table 4 and Table 5 , significant differences have been observed in the latencies of P300 and N400, and in the amplitudes of the N200 and N400, for the IBS condition in comparisons to the those of the IVS warning condition. Similarly, in the comparison between the IBS and PVS warning conditions, significant drops in amplitudes and latencies have been obtained for all the ERP components.
If we put side by side the IVS warning condition and PVS condition, a statistically significant drop in the N100 latency and the decrements in the amplitudes of N100, N200, and P300 have been observed. Overall, no significant effect has been found between both gender groups (i.e., male and female) with the four-warnings condition as subject factors.
C. DISCUSSION
The aim of this experiment was to investigate the effectiveness of the motorcycle rear-end collision warning system through its auditory warnings conveying information about the incoming vehicle and its kind.
The main findings of this work can be summarized as follows:
• Both imperfect warning systems had some positive effects on motorcyclist performance compared to the non-warning system, showing the reduction of the time and the attention resources at the neural level.
• A perfect auditory verbal warning system had a positive effect at neural levels on a motorcyclist compared to the non-warning system. The analysis of the neural activity suggested a reduction in the time and the attention resources required for processing the target correctly.
• A perfect auditory verbal system also performed better compared to both imperfect warning systems and it required less time and the attentional resources for processing the target correctly. The latencies of the N100 and P300 have been shifted early for all the auditory warning conditions compared to the NSS condition. Additionally, the latency of the N200 has been shifted early for the PVS condition compared to the nonwarning condition. In all the auditory warning conditions, the participant expected some target-occurrence. This could shift the latency towards early timeline, as focusing attention on a point in time may improve the behavioral performance and may increase the preparatory activity time-locked to the expected target occurrence [49] .
The amplitudes of the N100 peaks decrease for all auditory warning systems compared to the NSS condition. Similarly, the amplitudes of the N200 peaks decrease for the IVS and PVS warning conditions, while the P300 amplitude decreases only for the PVS warning condition compared to the NSS warning condition. This could be due to the temporal expectations following the auditory alert [37] , [50] .
Due to the usage of auditory warnings, the latency and amplitude of the N400 have also been investigated. The N400 latencies appear delayed in time for the NSS condition compared to both the IVS and PVS warning systems. Similarly, the N400 amplitudes are higher for IVS and PVS compared to the NSS. This could be due to the lack of understanding about the incoming information of the approaching vehicle for NSS, which leads to the lack of comprehensive action and triggers a large and long-lasting N400 response for the no warning condition [51] , [52] .
Both imperfect warning systems improved the motorcyclist performance compared to the non-warning system and it seems to facilitate the sensory processing of the target and results are in line with those from [37] and [53] . Also, the perfect auditory verbal system induced a greater facilitation effect as compared to the non-warning condition at the sensory level and results are consistent with those produced by studies in [35] and [37] .
In [54] , latencies shifted early for both N100 and P300 components for the partially automated driving compared to the manual driving scenario. Also, the N100 and P300 amplitudes decreased for the partially automated driving compared with the manual driving. Furthermore, the decrease in mental workload has been observed for the partially automated driving scenario. The same results are obtained in the proposed method when the motorcyclist uses the collision warning system (i.e., IBS, IVS and PVS) compared to the NSS system.
In our work, the imperfect auditory verbal warning system is also found more effective as compared to the imperfect buzzer warning system. The amplitudes of N200 and N400 decrease for the IVS condition compared to those of the IBS condition. Also, the latency of P300 and N400 shifted early for the IVS condition. The absence of effects on the N100 amplitudes suggests that the cognitive load did not alter early sensory processes and had only an impact on the late attentional process. The verbal auditory warnings gave better perception about the potential danger [19] and were less irritating as compared to the buzzer warnings [29] . Therefore, it may be possible that verbal information affects the attentional process. Also, the information about vehicle category leads to the decrease in the N400 amplitude and shortens it latency [51] , [52] .
The latency of the P300 shifted early for the PVS condition as compared to those of the two warning conditions (i.e., IBS and IVS). In addition, the latencies of N100 and N200 shifted early for the PVS condition compared to those of the imperfect buzzer condition. This could be due to the focusing attention on a point in time [49] . There were low chances of occurrence of a visual target for both imperfect auditory warning conditions as compared to the PVS warning condition; where the participants were 100% sure about the occurrence of the visual target (i.e., approaching vehicle from the rear end). The N200 and P300 latency shifts can also be related to cognitive control (i.e., monitoring or regulation of strategy) [55] .
In our study, the amplitudes of the N100 and P300 decrease for the PVS condition compared to both imperfect auditory warning systems; while the amplitudes of the N200 only decrease for the PVS warning condition compared to those of the IVS condition. This might be due to the participant needing fewer attentional resources to process the less visual information about the target, when the warning system worked perfectly [37] .
The latency of the N400 shifts early and the amplitude decreases for the PVS condition, compared to the imperfect buzzer warning condition. The imperfect buzzer warning only alerted about the potential hazard but did not provide any information about the approaching vehicle. This could lead to the delayed action and triggered a large and delayed response of the N400 component [51] , [52] . The early shift of the N400 latency and decrements of the amplitudes for PVS as compared to the IBS warning condition can also be linked to the semantic incongruence [42] . The neurophysiological results show that the perfect auditory verbal warning system induced a greater facilitation effect as compared to both imperfect warning systems at the sensory level and our results are consistent with those of [37] .
IV. CONCLUSION
From this research, it can be concluded that the rear collision warning system significantly increases the motorcyclists' responses. The auditory information about the potential danger further increases the physiological responses of the drivers. When the collision warning system is imperfect, it still assists the motorcyclists to avoid the possible rear end collisions. The analysis of the neural activity suggested that in the presence of a collision warning system, a reduction in the time and the attention resources has been observed to process the target correctly. Furthermore, verbal information about the potential hazard improves the behavioral performance and increases the preparatory activity time-locked to the expected target-occurrence. Finally, no significant differences have been found in different gender groups. In short, the installation of collision warning systems in motorcycles can reduce a significant number of motorcycle accidents, and can save many lives. 
